Abstract-Speckle noise is widely existence in coherent imaging systems, such as synthetic aperture radar, sonar, ultrasound and laser imaging, and is commonly described as signal correlated. In this paper, we focus on speckle reduction problem in real ultrasound image. Unlike traditional anisotropic diffusion methods usually taking image gradient as a diffusion index, in this paper, we present a new texture based anisotropic diffusion method for speckle reduction in real ultrasound image. The results comparing our new method with other well known methods on both synthetic images and real ultrasound images are reported to show the superiority of our method in keeping important features of real ultrasound images.
I. INTRODUCTION
As we all know, medical ultrasound imaging is a low-cost, practically harmless to the human body, noninvasive, and real time imaging modality. However, medical ultrasound images suffer from speckle noise which appears in all coherent imaging systems such as synthetic aperture radar(SAR), sonar(SAS), ultrasound and laser imaging. Image information under coherent waves results in a granular pattern that is speckle. Speckle is an undesirable property as it can mask small but perhaps diagnostically significant image features.
A multiplicative form:
.
un f = has been generally used to model speckle noise. Where is the observed noisy image, u is the echogenicity or ground truth of the image, and n is the noise term [1] . In the literature, numerous methods for speckle reduction were proposed. There are adaptive filters, such as Lee filter [2] , Kuan filter [3] , Frost Filter [4] ; MAP estimator based filters, such as Gamma-MAP filter [5] , Rayleigh-MAP filter [6] . Wavelet based methods de-noise by selecting threshold in different scales, such as [7] [8] . There are also variational based methods which usually include a regularization term and a data fitting term based on speckle statistics [9] [10] . In [11] , a PDE based anisotropic diffusion method, which is known as SRAD f method, was proposed based on estimated local variance. Although the existing speckle reduction methods are termed as 'edge/feature preserving', effective speckle reduction requires an accurate image model of ultrasound signals.
One of practical factor should be considered in speckle reduction of medical ultrasound image is that a log-compression algorithm is incorporated in the preprocessing of medical echographic equipment in order to adjust the large echo dynamic range (60-100 dB) to the 8 bits of the digitization in the scanconverter and also helps to enhance the weak backscatterers [12] [13] . This nonlinear transform totally changes the statistics of speckle noise and the image model.
A Log-compressed ultrasound image model is proposed in [14] :
Where is the noisy signal, u is the true signal, is a zero mean, white Gaussian noise with variance . In this paper, we will consider this image model for speckle reduction of ultrasound image.
This paper is organized as follows. In section II, we obtain a texture based anisotropic diffusion model for speckle reduction of Log-compressed ultrasound image. Section III is the numerical implementation of the proposed model. In section IV, we present some numerical experiments to illustrate the efficiency of the proposed method.
II. TEXTURE BASED ANISOTROPIC DIFFUSION

A. Description of Ultrasound Image Texture
Consider as the product of a constant and its texture part 
By the definition, the variance of the noisy image is represented as:
R and are independent random variables.
Th n b erefore, 2 can e calculated as:
Where is the variance of the texture. And, we ha δ should be kept in speckle reduction.
B. Speckle Reduction via Anisotropic Diffusion t h y
Perona and Malik in [15] proposed the f nonlinear PDE for smoothing image on a continuous domain(PM model): (6) where is the gradient operator, the divergence
operato || denotes the magnitude, ) the diffusion coefficient, and f the initial imag here ) (x c is suggested to selected as: 
6
. 578 , edge is large texture.
Where K is an edge magnitude parameter which adjust the diffusion degree with respect to image gradient. PM model performs well for images corrupted with additive Gaussian noise. However, the use of gradient magnitude as an edge detector is not applicable in ultrasound images which is corrupted by speckle noise. In [11] , the authors proposed a speckle reducing anisotropic diffusion(SRAD) method by replacing the gradient magnitude with an estimation of the standard deviation of noise: SRAD method is less dependence on the norm of the gradient and reduce the diffusion as the estimated standard deviation of noise decreasing. Unlike SRAD method using noise deviation as edge information, in this paper, we will take use of image texture information. Following (5) , texture at pixel of image is defined as:
Where represents a window centered at , 
Where is the Gauss kernel with variance . Thus, we consider following texture based anisotropic diffusion model:
is the speckle scale and can be estimated at each iteration using the method introduced in [11] . 
If
, the gradient is a vector in 
IV. EXPERIMENT RESULTS
In this part, we will report experiment results of our method on both simulated images and real ultrasound images, and compare our experiment results with other well known PDE based methods, PM model and SRAD method..
The metrics used to experiment with simulated images have been the well-known MSE(mean-square error), SNR (signal-to-noise ratio), PSNR (peak signal-to-noise ratio). The MSE, SNR and PSNR metrics are defined in the following expressions: Δ is the mean value of the image after the operator is applied. The MSE metric indicates how different the images being compared are. Therefore, the lower its value is, the closer the estimated image is to the original image and the better performance the algorithm. The SNR and PSNR metrics show a relationship between the real image and the estimation error. Therefore, a high value indicates an improvement. The is used to evaluate the preservation of the edges in the estimated image. The larger the , the better the effect of preservation of edges.
In the following, we will report our experiment results on both synthetic images and real ultrasound images.
In Figures 2-4 Table I that ou higher SNRs, PSNRs, and ages are calculated. r method has β values, but l hich indicates the better performance of our method comparing with SRAD method. Especially when dealing with texture images, our method performs much better(see Figure4) .
In Figures 5-6 , we test speckle reduction capability of our model on a real ultrasound abdomen image. Figure 5 shows the real ultrasound image and restored images by using SRAD method and our proposed method respectively. To show the performance of speckle reduction, we select three homogeneous regions along a line(column 393), which is marked by 1, 2 and 3 in the first image of Figure 5 . Figure 6 shows the corresponding signal of this line before and after speckle reduction.
The selected regions are marked in corresponding position. The selected regions are homogeneous regions, and the signal value in these regions should be fairly smooth, so, the sharp changes in these regions are the result of speckle noise. We can see from Figure 6 , the first image contains a lot of sharp changes in region 1, 2 and 3. The signal in region 1, 2 ,3 is much smoother after speckle reduction by using SRAD method and our method, with our method slightly smoother than SRAD method.
ower MSEs, w β =39.6275 Figure 5 . Speckle reduction on a real ultrasound abdomen image. Top: a real ultrasound abdomen image; Middle: restored image using SRAD method; Bottom: restored image using our proposed method. Speckle reduction on a another real ultrasound abdomen image. Top: a real ultrasound abdomen image; Middle: restored image using SRAD method; Bottom: restored image using our proposed method. Figure 7 before and after speckle reduction. Top: signal before speckle reduction; Middle: restored signal by using SRAD method; Bottom: restored signal by using our roposed method.
In Figures 7-8 , we test edge preservation capability of our model in speckle reduction of a real ultrasound abdomen image. Figure 7 shows the real ultrasound image and restored images by using SRAD method and our proposed method respectively. We test the edge preservation capability by co paring the pixel value of 3 edge points, which are marked in the first image of Figure  7 , before and after speckle reduction. Figure 8 shows the signal of selected line and c ponding edge points are pointed out in each signal by arrow. We can see that our method is effective and as w ll as SRAD method in edge preservation.
V. CONCLUSION
In this paper, we present a texture based anisotropic diffusion method for speckle reduction of real ultrasound image. The texture o ound image is derived from a Log-compressed ultrasound image model. The performance of speckle reduction and edge preserving ability is evaluated by sing MSE, SNR, PSNR and a f ultras We also test speckle reduction capability and edge preservation ability in real ultrasound images. The experiments show the superiority of our method in speckle reduction in Logcompressed ultrasound images.
